HSC Working Scientifically Skills
Accuracy & Precision
Accuracy is the extent to which the calculated value differs from the true accepted value.
Accuracy can be improved through the experimental method if each single measurement is
made more accurate e.g. through the choice of equipment. Reducing systematic errors improves
accuracy. Furthermore, averaging the results may improve accuracy by reducing the influence
of error and bringing the average closer to the true value but this may not always occur.
To test accuracy: either compare measurements to value expected from theory for single
measurement or compare final experimental result to accepted value for the entire experiment’s
result.
𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = 100% − 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟
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A common misconception is between accuracy and precision. Precision is more related to
internal reliability as it refers to the repeatability or variability of measurements, i.e how
clustered or close together the results are. This is specifically known as measurement precision.
In contrast accuracy is solely focused on whether the data or result is close to the true accepted
value. Hence results can be precise yet inaccurate in an experient. There is also instrument
precision which is associated with the error of the instrument, however it is important to note
that digital instruments do not always have more instrument precision than analogue
instruments for example a electronic balance where the reading fluctuates when measuring the
same mass has a very low precision. Looking below at the third archery board in the sequence,
the spread of data is most likely due to random error leading to low reliability and hence low
precision. However, once you average all the data, the average will be very close to the
bullseyem hence it is still an accurate result once averaged. Once averaged, if the average is
not close to the bullseye that means the average has been shifted from the true value by a certain
degree, due to systematic errors or possibly a combination of random and systematic errors.
Read the errors section to further understand why this is the case. For the following scenarios,
consider a bullseye as the true accepted value.
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Overall, accuracy is representative of the total error in a system, the smaller the systematic
error the greater the accuracy. Taking an average of trials only increases accuracy if there are
no systematic errors present. Precision instead is only influenced by random error, the smaller
the random error (less spread of data) the greater the precision.

Reliability
As discussed previously precision refers to the internal reliability of an experiment. However,
external reliability is the extent to which the experiment yields the same result each time.
Random errors reduce reliability. To measure internal reliability, we can repeat an experimental
trial and compare whether they are consistent. However, this does not improve external
reliability. External reliability is measured by comparing multiple ‘experiments’ so for example
when you compare your experimental results to other people in your class, then this measures
external reliability.
A set of results can be reliable but inaccurate if the same incorrect measurement is achieved in
every trial. Repetition alone generally does not improve reliability; it is only a means to test
whether an experiment is reliable by determining whether consistent results are achieved.
Reliability is improved through the design of the experiment. A method that reduces random
errors improves reliability, however it is important to note that the entire result of the
experiment can be improved through repetition and analysis as this may reduce the effect of
any random errors that do occur.
To improve the method, we must satisfy any assumptions that have been made, if assumptions
are not satisfied the method/analysis will be deemed inappropriate and hence the results invalid.
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Using the line of best fit, if data points are close to the trend line, the results obtained are
reliable.

© Uplift Education | Level 1 149-151 George St Liverpool NSW
Australia | 1300 929 299 | uplifteducation.edu.au

Validity
Validity is the extent to which the experiment tests the hypothesis or addresses the aim.
It also depends on how appropriate the experiment procedure is e.g was a control used to
compare results to. Essentially are you measuring what you intend to measure?
The experimental variables all contribute to validity and these are the independent, dependent
and controlled variables, as well as a control.
The independent variable is the variable that is being changed, the dependent variable is the
variable that is being measured and the controlled variable is the variable that remains constant.
The control is a trial where there are no changes made and is used to comare the results of the
experiment to.
To ensure that your method is valid, you can check that your hypothesis is directly relevant to
your aim, but you really need to check that your method tests your hypothesis. So if your
hypothesis involves the concentration of a certain gas, for example, but your method is looking
at the amount of gas in a container, then there is a mismatch between your method and your
hypothesis, and your experiment is not valid. You also need to check that your sampling
method results in a sample that represents a wider population that you're interested in. Again
you also need to control your variables so that the test is fair, and the chance of any variables
affecting your results is minimised.
Suitable equipment, method and analysis of results all contribute to validity. If the results are
not reliable and not accurate then the conclusion drawn from the results will be invalid.
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Experimental outcomes that are valid allow us to establish the cause-and-effect relationship
between the independent and dependent variables. It is possible for reliable measurements to
be invalid, but an unreliable measurement cannot be valid. For example, an incorrectly
calibrated instrument may generate precise and reliable measurements, which are invalid, as
they do not measure the intended objective accurately.
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There are two aspects to experimental validity: internal and external.

NESA
definition

Accuracy
estimated taking
into
consideration the
evident sources
of error and the
limitations of the
instruments used
in making the
measurements.
Specific
The closeness of
Definition agreement
between a
measured
quantity value
and a true
quantity value of
the measurand
(the quantity that
is measured).

Synonym

Exact

Notes

Requires prior
knowledge about
the measurand
(for example
reference values)

Precision
The extent to
which multiple
measurements,
made under
identical or
similar
conditions, agree
with each other.

Not defined

The closeness of
agreement
between
measured
quantity values
obtained by
replicate
measurement on
the same or
similar objects
under specified
conditions
Internal
reliability
Dispersion
Spread
Measurement
precision:
applied to
repeated
measurements in

Reliability
The extent to
which the
findings of
repeated
experiments,
conducted under
identical or
similar
conditions, agree
with each other.
An extent to
which repeated
observations
and/or
measurements
taken under
identical
circumstances
will yield similar
results.
Not defined

Validity
The extent to
which an
experiment
addresses the
question under
investigation.

Consistency
Repeatability
Reproducibility
Stability
External
reliability: the
reliability of
measurements

Internal validity

The extent to
which the
processes and
resultant data
measure what
was intended
(Stage 4 or 5).

Where the
specified
requirements [of
an experiment or
instrument] are
adequate for its
intended use

External
validity: the
extent to which
the results of a
study can be
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Accuracy
The extent to
which a
measured value
agrees with its
true value (that is
- reference
value).
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Term
Working
definition

a single
across multiple
experiment.
experiments
Instrument
precision: the
precision of
measuring
devices (analogue
and digital)

generalised (for
example
extrapolated)

Errors
Error is a complementary concept to accuracy, a measurement with a high accuracy will have
low error, a measurement with a large error is inaccurate. The two types of error are random
and systematic.
Systematic errors are errors that are consistent and will occur again if the investigation is
repeated in the same way. They are usually a result of a consistent bias and are predictable e.g.
instruments that are not calibrated correctly or methods that are flawed. Systematic errors will
shift measurements from their true value, by the same amount or fraction in the same direction
all the time. This usually arises from problematic or incorrectly used equipment eg. Poor
calibration. They affect accuracy but not reliability.
Random errors occur in an unpredictable manner and are generally small. Random errors will
shift each measurement from its true value by a random amount in a random direction.
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Some subcategories of errors that fall under these two types are shown below:
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Also note that some errors are inevitable so outliers (extreme points in data that aren’t
concordant with the general trend) must be excluded in caluculations.
Mathematically, errors are represented as absolute errors or relative errors.
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝐸𝑟𝑟𝑜𝑟 = |𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 – 𝑡𝑟𝑢𝑒 𝑣𝑎𝑙𝑢𝑒|
The vertical lines in the formula indicate that only the numerical value of the calculation, and
not the sign, is considered. Therefore, even if the absolute error calculation returns a negative
value, the minus sign is ignored.

Percentage/Relative Error
%𝑒𝑟𝑟𝑜𝑟 =

|𝑡ℎ𝑒𝑟𝑜𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 − 𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒|
× 100
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

As discussed before percentage error can be related to accuracy.

Graphs
It is always good to have an underlined title for your graph. The y axis should be the dependent
variable whilst the x axis should be the independent variable. The graph doesn’t always have
to start from the origin, but the scale or increments must be constant for each respective axis.
Further, the graph should only pass through the origin if one of the data points is given as the
origin. Axes should also be labelled with the units in brackets.
Axes, scales and titles should be labelled in pen whilst data points and the graph/line should be
in pencil. Additionally, data points should be cosses not dots unless there are two lines, where
in that case dots can be used for one of the graphs, with a key included.
To draw the line of best fit, as mentioned before exclude any outliers. The line of best fit passes
through as many data points as possible with approximately an equal number of data points
above and below the line. Additionally, the line of best fit should not exist past the given data
points and if required to extend it to extrapolate values, then use a dotted line.
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The line of best fit accompanied by the data points is also useful for determining validity and
reliability.
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Note that extrapolation is invalid as a trend may not remain constant outside the given data.
Interpolation is the most valid way of reading a graph as it uses the given data range without
assuming the trend remains constant.

© Uplift Education | Level 1 149-151 George St Liverpool NSW
Australia | 1300 929 299 | uplifteducation.edu.au

Depending on the graph, sometimes a curve of best fit is appropriate however this is rare.
An example of an appropriate graph is demonstrated on the next page.
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Absorbance vs Concentration for Cu2+ and Pb2+ ions
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Uncertainty
Uncertainty is usually required in depth studies, especially for physics. It is a measure of the
accuracy and reliability of an experiment and is useful for estimating the error in an experiment
when accuracy is unable to be determined. This is usually the case when a theoretical/true value
isn’t known.
When there is a range of measurements of a particular value, the mean must be accompanied
by the uncertainty for your results to be presented as a mean in an accurate way. Uncertainty
is calculated by:
𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 = ±𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑚𝑒𝑎𝑛
Uncertainty can also be calculated for equipment however this is different depending on the
type of equipment you are using. This is known as absolute uncertainty which refers to the
precision of the instrument being used. It is usually equal to half the smallest unit of
measurement also known as the limit of resolution. However depending on the experiment, it
can be greater than half of the smallest unit for example when measuring the distance travelled
by a moving object using a 30cm ruler, the uncertainty is more likely to be around
±5𝑐𝑚 instead of ±0.5𝑚𝑚 since the object is moving quickly:
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =

1
× 𝑙𝑖𝑚𝑖𝑡 𝑜𝑓 𝑟𝑒𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
2

Percentage uncertainty, also known as relative uncertainty, is another way of stating how
precise a measurement is.
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑈𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦 =

𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛𝑡𝑦
× 100
𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑣𝑎𝑙𝑢𝑒

The limit of reading is the smallest unit into which a measuring scale is made. When a
measurement is made, any claim for a precision better than the limit of reading is an estimate
only. Absolute uncertainty (absolute error) is the range above and below the quoted value of
the measurement, within which we would expect repeated measurements to be found.
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For analogue scales (such as clock face or a ruler), the absolute uncertainty is often quoted as
being half the limit of reading. Thus, on a typical school ruler this absolute uncertainty would
be ±0.5 mm. For digital scales, the absolute uncertainty is often quoted as being equal to the
limit of reading (ie. we take a more conservative approach) e.g. for a digital balance measuring
grams up to 2dp the absolute uncertainty would be ±0.01g.
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Relative error is a measure of how important the error is. For example, being out by ±1 𝑐𝑚 is
a big issue if measuring the thickness of a book, but not so important if measuring the distance
from home to school.
For digital instruments if the reading fluctuates, the uncertainty is then equal to ± half of the
range of values. Although digital instruments are generally more accurate, in some cases their
uncertainty can actually be higher than analogue instruments if the reading fluctuates too much.
Exampl
e

Add

Add the
uncertainties

(5.0±0.1
mm) +
(2.0±0.1
mm)
(5.0±0.1
mm) +
(2.0±0.1
mm)
(5.0±0.1
mm) x 2

Subtract

Add the
uncertainties

Multiply by a
constant

Multiply the
uncertainty by
the constant

Multiply

Add the
percentages of
the
uncertainties

(5.0±0.1
mm) x
(2.0±0.1
mm)

Divide

Add the
percentages of
the
uncertainties

(5.0±0.1
mm) ÷
(2.0±0.1
mm)

Raised by a
power

Multiply the
percentage
uncertainty by
the power

(5.0±0.1
mm)2

Strategy
M:
measuremen
t
U:
uncertainty
M: Add
measurements
U: Add
uncertainties
M: Add
measurements
U: Add
uncertainties
M: multiply
by the
constant
U: multiply
by the
constant
M: multiply
measurements
U: add
percentage
uncertainties
M: divide
measurements
U: add
percentage
uncertainties
M:
measurement
raised to the
power

Calculation
M:measuremen
t
U: uncertainty

Answer

M: 5 + 2 = 7

7±0.2
mm

U: 0.1 + 0.1 =
0.2
M: 5 - 2 = 3
U: 0.1 + 0.1 =
0.2

3±0.2
mm

M: 5.0 x 2 = 10.0 10.0±0.
U: 0.1 x 2 = 0.2
2 mm

M: 5.0 x 2.0 =
10.0
U**: 2% + 5% =
7%

10±7%
mm =
10±0.7
mm

M: 5.0 / 2.0 =
2.5
U**: 2% + 5% =
7%

2.5±7%
mm =
2.5±0.2
mm

M: (5.0)2 = 25
U**: 2% x 2 =
4%

25±4%
mm =
25±1
mm
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How to
manipulate
the
uncertainties
?

Page

What to do
with the
measurement
?

U:
uncertainty
multiplied by
the power

Scientific Diagrams Checklist
•
•
•
•
•
•

Draw with pencil
Label with pen
Try to draw vertical or horizontal lines for labelling, not diagonal.
Use diagonal lines when identifying two of the same things
Don’t use arrows for labelling, except in flowcharts
Use a ruler

Scientific Report
The scientific method underpins all experimental procedures and processes that are carried out,
with the goal of testing whether a hypothesis holds true or not. Below are some guides on how
to start or write each section.
Title:
Abstract: summary of experiment, source citations/evaluations, background information.
Aim: To investigate… (outline the goal of the experiment)
Hypothesis: If __________, then __________. (predict relationship between independent
variable and dependent variable)
Apparatus/Equipment: Include size/volume and amount

Example

1

Elimination

Remove the hazard, such as taking a hazardous piece of
equipment out of service.

2

Substitution

Replace a hazardous substance or process with a less
hazardous one, such as replacing a strong acid with a weak
acid.
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Order
of Control
effectiveness
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Risk Assessment:

3

Engineering
controls

Isolate people from the hazard. For example, redesign an
experiment, piece of equipment or process to make it less
hazardous, install a guard or barrier, or use a fume hood.

4

Administrative Make changes to the way people work:
controls
• adopt safe work practices
• provide appropriate training, instruction or information
For example, use a retort stand or test tube holder instead
of a person holding equipment and have a teacher
demonstrate safe use of the materials and equipment.

Skin damage due
to spills/splashes

3

2

Risk rating (See
matrix)

1-5

Consequence

Risk

Use of lab-coat, gloves, safety glasses, safety footwear,
dust masks, face shields or goggles

Likelihood

Personal
protective
equipment
(PPE)

1-5

5

M

Precaution

Control

HCl in dropper
bottles

Substitution
PPE

Wear gloves
Eye damage due
to chemical
splash

4

2

M

Safety glasses

PPE

Cut hand due to
2
broken glassware

3

M

Do not use
damaged test
tubes.

Elimination
Administrative
controls

Train user
Method: Start each step with verbs, be specific with the procedure, include measurements with
units.
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Results: Tabulate data.
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Graph: Refer to graph section.
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Discussion: evaluate method for reliability, accuracy, validity, variation in results, outliers,
explain trends and their cause, problems encountered and solutions,
Conclusion: links aim and hypothesis, short summary of findings, include trends but not
specific results, whether hypothesis was proved or disproved. improvements/changes?
Bibliography: Use correct referencing format. Cite all sources.

Significant Figures, Scientific Notation, Decimal Places
In calculations only the final answer should be rounded, and exact values should be used for
all other calculation steps, unless stated otherwise. The lowest number of significant figures in
the question/used is equal to the number of significant figures in the answer. In chemistry pH
is an exception to this rule where the lowest number of significant figures in the question
indicates the decimal places required for the pH. Scientific notation is also much better to use
in calculations, especially for very small or large values. You can also change your calculator
settings to only display answers in scientific notation.

Units
Only use SI units unless different units are required by a formula or specified in a question. e.g
the units for volume in formulas is usually in L, but questions generally provide units in mL.
Additionally, always write units for every calculation, not just the final answer.

How to Answer Questions
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You can use subtitles/tables to organise your answers. For example, with compare questions
sometimes a table is easier to answer the question than a paragraph answer. The approach to
each question should be determined by the question verb i.e. justify, compare, analyse, discuss,
these can be found below.
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HSC Verbs
Account
Account for: state reasons for, report on. Give an account of: narrate a series of events or
transactions
Analyse
Identify components and the relationship between them; draw out and relate implications
Apply
Use, utilise, employ in a particular situation
Appreciate
Make a judgement about the value of
Assess
Make a judgement of value, quality, outcomes, results or size
Calculate
Ascertain/determine from given facts, figures or information
Clarify
Make clear or plain
Classify
Arrange or include in classes/categories
Compare
Show how things are similar or different
Construct
Make; build; put together items or arguments
Contrast
Show how things are different or opposite
Critically (analyse/evaluate)
Add a degree or level of accuracy depth, knowledge and understanding, logic, questioning,
reflection and quality to (analyse/evaluate)
Deduce
Draw conclusions
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Define
State meaning and identify essential qualities
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Demonstrate
Show by example
Describe
Provide characteristics and features
Discuss
Identify issues and provide points for and/or against
Distinguish
Recognise or note/indicate as being distinct or different from; to note differences between
Evaluate
Make a judgement based on criteria; determine the value of
Examine
Inquire into
Explain
Relate cause and effect; make the relationships between things evident; provide why and/or
how
Extract
Choose relevant and/or appropriate details
Extrapolate
Infer from what is known
Identify
Recognise and name
Interpret
Draw meaning from
Investigate
Plan, inquire into and draw conclusions about
Justify
Support an argument or conclusion
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Predict
Suggest what may happen based on available information
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Outline
Sketch in general terms; indicate the main features of
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Propose
Put forward (for example a point of view, idea, argument, suggestion) for consideration or
action
Recall
Present remembered ideas, facts or experiences
Recommend
Provide reasons in favour
Recount
Retell a series of events
Summarise
Express, concisely, the relevant details
Synthesise
Putting together various elements to make a whole
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Different verbs are going to require different components in the answer. And they are going to
have different distinctive, specific wording in those answers. And the marker will look for that.
You can create a draft of the question on the side margin. You can make dot points or you can
make a tiny flow chart. Keep an eye out for plurals as well, if a question only asks for two
things don’t put three. When you are answering the question, refer to the stimulus presented to
you. If that is stimulus is a text or is a diagram, or is a graph, or is a figure, in your answer, you
should say, as per the figure presented or as is indicated on the diagram. Lastly, you should aim
to implement higher order vocabulary and jargon to really impress the marker, and be pushed
into the band 6 range.
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Depth Study Discussion Example

Although this discussion is more related to physics, the concepts and things to include are
inherently the same for all the sciences. Also note that theoretically the line of best fit should
pass through the origin, due to the x axis starting at 0.4, it may not seem like it will occur. The
blue line represents a line graph, whilst the dotted is the lobf, although they look the same, this
is only because the experiment was very reliable and produced a very linear trend, usually this
is not the case with experiments.
Regarding the graph, the line of best fit is shifted up than where it should be, due to longer
periods being measured, meaning that a higher value of g was found. However, it can be argued
that, the main cause of this implication was systematic errors, as the graph is almost linear and
the line of best fit is almost the exact same as the graph.
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Validity: The assumption made to calculate g was that there would be zero air resistance,
however due to air resistance the velocity of the pendulum was decreased, consequently
increasing the average period of oscillations. To improve the validity of the experiment, a
smaller angle should be used as this mitigates the effects of air resistance, as the pendulum
loses energy at a slower rate due to a lower initial KE and GPE. This is also reinforced by
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Variables: In the experiment, the independent variable was the length of the string, the
dependent variable was the period of one oscillation and the controlled variables were: the
height of the pendulum above the ground, the type of string used, the release angle and the
mass/type of ball.

measuring five oscillations, as the more oscillations that are measured, the more inaccurate the
average period becomes due to the higher rate at which energy is lost. As such, the experiment
possessed a moderate to high validity as it tested the hypothesis and answered the aim, although
it may have been influenced by some assumptions which were acted on accordingly as
discussed below.
Errors: Various systematic, random and parallax errors could have contributed to the error in
the experiment. There was a systematic error for starting the stopwatch due to delayed human
reaction which may have further increased the value of the period. There was random error due
to the Blu Tack being used as a pivot point, as in some trials the Blu Tack would stretch by a
small degree, resulting in a longer length and resultantly, a longer period. This meant that a
few trials had to be repeated where the Blu Tack stretched by a relatively large amount.
Moreover, there was parallax error for reading the ruler to measure the length and for reading
the angle. This increase or decrease in length could also affect the period, however, the effect
of the angle can be considered negligible as the period would remain almost the exact same
due to SHM.
Reliability: The formulae and calculations were all correct, exact values were used, and the
average time was also calculated to improve reliability. Thus, the experiment had a high level
of reliability as it was repeated ten times for each length to provide consistent results, supported
by the small deviation of the line of best fit from the data. However, the reliability of the
experiment could be further improved by increasing the sample space/range of the lengths, as
in the experiment there were only four different lengths of string. Increasing the sample space
would aid in providing a wider range of results to further justify the trends in the data and
provide a more accurate value. Note that reliability is not ‘improved’ here directly via
repetition, however since it minimises the effect of random errors it is valid to say here. By
repeating trials and taking the average we are able to effectively minimise the influence of these
random errors such as incorrectly pressing the timer due to a delayed human response.
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Improvements: To rectify these issues, a longer length of string can be used as this results in
a longer period, meaning that there can be less error for starting the stopwatch. A more secure
fixture can also be used such as a rod, to ensure that the length of the string remains constant.
More accurate equipment can also be utilised to reduce error, as slightly inaccurate equipment
may have caused a discrepancy in the results. Accuracy: The experiment was fairly accurate as
the equipment used was precise such as: a stopwatch to 0.01s, a ruler to 0.0005m, and a
protractor to 0.5 degrees. To further improve accuracy, more precise equipment should be used
such as a stopwatch with 4 decimal places and a digital length measuring device. A motion
tracker could also be utilised to measure the period more accurately.
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